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Abstract 
This article focuses on the market supply of the Czech wine processing subjects. Namely, authors studied a relationships between 
the sales volume of the Czech producers of bottled quality red wine and the market price of this category of wine. Monthly data 
from the CZSO and SZIF database, years 2004–2012, were used for this price-supply analysis. Price relationships in the observed 
supply were investigated through two-stage Method of Cointegration developed by Engle and Granger. A sensitivity analysis of 
the studied price-supply relationships was based on the error correction model, which provided the coefficients of long-term and 
short-term price sensitivity of the bottled red wine supply. 
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1. Introduction 
The Quantitative Analysis of the behaviour of producers and processors within the agricultural and food markets 
provides a number of useful results, see Bečvářová (2008). Given these results, it is possible to evaluate the supply 
sensitivity of the producing and processing subjects to the changes of individual supply factors. Thus, we can 
identify the set of factors that strongly affect the supply sides on agricultural and food markets. These supply 
analyses are very frequently focused on the evaluation of the price-supply reactions because it is generally assumed 
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that the price of goods and related products play the most significant role in the supply of firms, see Perloff (1994) 
or Helmberger and Chavas (1996).The vertical integration of partial markets also needed to be considered when 
analysing the price-supply reactions in the agricultural and food sector (as confirmed by the studies on the price 
transmissions, see Cramer and Jensen (1994) or Bečvářová (2008). This way we can evaluate the impact of input 
price changes, i.e. changes in the price of raw materials or commodities, labour, energy and land on the supply 
functions of agricultural commodity producers and processors. On the other hand, the above mentioned changes of 
input prices in the last six years significantly increased the interest in the current analysis of price-supply reactions 
across all industries and in agricultural and food sectors, see Bečvářová (2008). 
In addition to price, there are other factors that affect the level of market supply. The market supply is determined 
by the production conditions in the firms and the competitive environments within the given industry, see Perloff 
(1994). In other words, the used technologies of production and market structures are also important aspects when it 
comes to the supply of firms. The supply of agricultural enterprises is primarily determined by the weather 
conditions and the quality of soil – production areas in the individual countries. However, these factors are not 
crucial for purely food-processing firms, see Mundlak et al. (1997). The competitive environment is vastly different 
among the partial markets within the agro-food vertical. A greater number of suppliers associated with stronger 
competitive environment is usually located in the agricultural markets. Conversely, the food processing market is 
more typically an oligopolistic market structure. The oligopolistic market structure also works within the business 
segments of the agro-food verticals.  
The supply reactions of the firms in the agricultural and food sector are obviously strongly affected by the 
changes in consumer demand for food, see Cramer and Jensen (1994). The expectations of changes in the final 
demand for food lead to adjustments in the size of supply of agricultural and food processing firms. Government 
interventions in agricultural and food markets are additional supply factors. The government interventions can take 
many forms. Within the agricultural and food markets, these interventions may have a particular form of production 
restrictions (quotas, limits), lower tax rates for the agricultural inputs and products, environmental regulations and 
healthy food or land use regulations. The supply in the agricultural and food sector is affected by more general 
interventions of the government including changes in wages, laws, taxes, electrical and gas rates etc. The 
government can also influence agricultural and food supply through the foreign trade. 
The market supply of the bottled quality wine is strongly influenced by the weather. Favourable weather 
conditions improve the quantity and the quality of the wine grape harvest. The good harvest years increase supply 
and change the market price of wine through demand-supply mechanisms. When it comes to consumption, the 
selling price of bottled wine is often viewed as an indicator of wine quality. This can be taken advantage of by wine 
suppliers. The structure and size of wine market supply in the Czech Republic is also formed by foreign trade. 
Domestic production covers approximately about one fourth of annual wine consumption. Import of wine into the 
Czech Republic exceeds Czech wine export, however, there has been export decrease in recent years. In last years, 
bottled quality wine have prevailed over cask wine when it comes to import. 
The aim of this article is to determine the intensity of the price impact on the manufacturers' supply of the bottled 
quality red wine. The price relationships in this supply were examined in the Czech wine market from 2004 to 2012. 
The supply reactions of the Czech manufacturers were observed through their implemented sales of bottled quality 
red wine. Manufacturers' sales of red wine were studied in relation to the market price of red wine. The article is 
devoted to the long-term and short-term price relationships in the given supply. The long-term relationships between 
the price and supply of red wine were verified through the Engle-Granger method for cointegration of two time 
series. The evaluation of sensitivity of red wine supply to the short-term and long-term price changes was based on 
the Error Correction Model developed by the authors. 
2. Databases and Methods 
Data for the analysis of the price effects on the Czech producers’ supply of quality red wine in bottles in the years 
2004–2012 was taken from the Czech Statistical Office (CSO) and State Agricultural Intervention Fund (SAIF). 
Monthly time series of the prices (ܴܲ ௧ܹ) which the Czech wine producers sell bottled quality red wine for to the 
shops, restaurants and catering facilities or wine distributors were obtained from CSO database. Thus, ܴܲ ௧ܹ  are not 
consumer prices which households buy the quality red wine in bottles. The given prices are recorded in CZK per 
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litter. Time series of the monthly sales volume of Czech producers of bottled quality red wine (ܴܳ ௧ܹ ) were 
obtained from the SAIF database. Czech producers’ monthly sales of bottled quality red wine are recorded in 
hectolitres. Time series of ܴܲ ௧ܹ  and ܴܳ ௧ܹ are depicted together in Figure 1. Within the studied years (2004–2012), 
the time series of ܴܲ ௧ܹ  and ܴܳ ௧ܹ contained a total of 108 observations, thus (ݐ ൌ ͳǡʹǡ ǥ ǡͳͲͺ). In this article, the 
Student test statistic was reported as ܶ-statistics to distinguish the time index ݐ. 
 
 
Fig. 1. Time series of ܴܲ ௧ܹ and ܴܳ ௧ܹ 
First, stationarity of received time series of the prices and sales of bottled quality red wine was examined 
including the determination of their integration order. ADF tests were used for these purposes. The statistical 
significance of unit roots in ܴܹܲ௧  and ܴܳ ௧ܹ time series was evaluated through ADF tests, see value of parameter ܽ 
(ܽ ൌ ͳ), ߬-statistics, and signification level ߙሺ߬ሻ. The stationarity of ܴܲ ௧ܹ  and ܴܳ ௧ܹ  was not test around zero 
because the market price of bottled quality red wine and its volume sales cannot achieve the negative value. Hence, 
ADF tests were based on the autoregressive model with the following constant: ߂ݕ௧ ൌ ܿ ൅ ሺܽ െ ͳሻ ൈ ݕ௧ିଵ ൅
σ ܽఒ௅ఒୀଵ ൈ ߂ݕ௧ିఒ ൅ ݑ௧  and autoregressive model with the constant and trend as follows: ߂ݕ௧ ൌ ܿ ൅ ܾ ൈ ݐ ൅
ሺܽ െ ͳሻ ൈ ݕ௧ିଵ ൅ σ ܽఒ௅ఒୀଵ ൈ ߂ݕ௧ିఒ ൅ ݑ௧. Within ADF tests of ܴܲ ௧ܹ  and ܴܳ ௧ܹ time series, the twelve-month lag 
was considered as theoretical maximum: ݉ܽݔሼߣሽ ൌ ͳʹ, which is generally recommended for the monthly time 
series, see Hušek (1999). This recommendation regarding the theoretical maximum of lag was respected in all ADF 
tests in this article. The applied length of lag in autoregressive models for testing of ܴܲ ௧ܹ  and ܴܳ ௧ܹ time series, 
however, was reduced to a level (ܮ) in relation to results of AIC and ܶ-tests for each parameter. Based on the ADF 
test, it was found that the time series of ܴܲ ௧ܹ  and ܴܳ ௧ܹ are non-stationary, or the presence of a unit root in them 
could not be rejected at a statistically satisfactory level of significance. These findings document the results in the 
following paragraphs.  
According to AIC and the results of ܶ-tests of individual parameters, autoregressive processes in a time series of 
monthly prices of quality red wine in bottles (ܴܲ ௧ܹ ) can be adequately expressed through the model with the 
constant and trend: ߂ܴܲ ௧ܹ ൌ ܿ ൅ ܾ ൈ ݐ ൅ ሺܽ െ ͳሻ ൈ ܴܲ ௧ܹିଵ ൅ σ ܽఒ௅ఒୀଵ ൈ ߂ܴܲ ௧ܹିఒ ൅ ݑ௧ , with the lag four 
months: ܮ ൌ Ͷ. The estimation of mean value of the parameter (ܽ െ ͳ) in this autoregressive model achieved the 
level െͲǤͶͲͳͺͲͺ , thus ܽ ൌ ͲǤͷͻͺͳͻʹ േ ͲǤͳͷ͸͸Ͷ͵ . Test statistic ߬  was equal to െʹǤͷ͸ͷͳʹ . The asymptotic 
significance level of ߬-test was ߙሺ߬ሻ ൌ ͲǤʹͻ͸͸. These results indicate that the presence of a unit root in the time 
series of monthly prices of bottled quality red wine could not be rejected. Further important statistical characteristics 
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of the model, which captured the autoregressive processes in ܴܲ ௧ܹ , were: (i) estimation of the constant: ܿ ൌ
ͳͺǤͲͷͲ͵ േ ͹Ǥʹͺʹͻͺ , with ௖ܶ ൌ ʹǤͶ͹ͺ ; ߙሺ ௖ܶሻ ൌ ͲǤͲͳͶͻ , (ii) estimation of the linear trend parameter: ܾ ൌ
ͲǤͲ͸Ͷ͹ͳʹͳ േ ͲǤͲ͵ʹ͵Ͷ͹͵, with ௕ܶ ൌ ʹǤͲͲͳ; ߙሺ ௕ܶሻ ൌ ͲǤͲͶͺ͵, (iii) the first-order coefficient of autocorrelation of 
residues ߩ௨ሺͳሻ ൌ ͲǤͲͲͻ and (iv) the statistical significance of lag differences ܨఒሺͶǢ ͻ͸ሻ ൌ ͶǤ͸Ͷ͸; ߙሺܨఒሻ ൌ ͲǤͲͲͳͺ. 
Based on AIC and the results of ܶ-tests of individual parameters, autoregressive processes in the time series of 
the monthly sales of bottled quality red wine (ܴܳ ௧ܹ) could be satisfactorily captured by the model with the constant 
and four months lag: ߂ܴܳ ௧ܹ ൌ ܿ ൅ ሺܽ െ ͳሻ ൈ ܴܳ ௧ܹିଵ ൅ σ ܽఒ௅ఒୀଵ ൈ ߂ܴܳ ௧ܹିఒ ൅ ݑ௧ ; ܮ ൌ Ͷ . Mean value of the 
parameter ( ܽ െ ͳ ) in model of autoregressive process attained the level െͲǤ͵ͶʹͲ͵͵ , thus ܽ ൌ ͲǤ͸ͷ͹ͻ͸͹ േ
ͲǤͳͷͻ͹ͻͺ. Statistics ߬  has the value െʹǤͳͶͲͶͳ. The asymptotic significance level of ߬-test achieved the value 
ߙሺ߬ሻ ൌ ͲǤʹʹͺͺ. The results of ߬-test showed that the presence of unit root in time series of monthly sales of bottled 
quality red wine is not possible to reject. Other important statistical characteristics of the model, which expressed 
the autoregressive processes in ܴܳ ௧ܹ , were: (i) estimation of the constant: ܿ ൌ ͵͵͹͸ǤͷͲ േ ʹ͵ͻ͸ǤͲ͸, with ௖ܶ ൌ
ͳǤͶͲͻ; ߙሺ ௖ܶሻ ൌ ͲǤͳ͸ʹͲ ൐ ͲǤͳሺכሻ, (ii) the coefficient of the first order autocorrelation of residues: ߩ௨ሺͳሻ ൌ െͲǤͲ͸ͺ 
and (iii) the statistical significance of lag differences: ܨఒሺͶǢ ͻ͹ሻ ൌ ͳ͵Ǥ͹ʹͷ; ߙሺܨఒሻ ا ͲǤͲͲͳ.  
The principle of ADF tests of unit root was also applied in determining the order of integration examined 
monthly time series of prices and sales of bottled quality red wine. For the purpose, the original monthly time series 
of ܴܲ ௧ܹ , and ܴܳ ௧ܹ converted to the time series of the first differences: οܴܲ ௧ܹ ൌ ܴܲ ௧ܹെܴܲ ௧ܹିଵ, and οܴܳ ௧ܹ ൌ
ܴܳ ௧ܹെܴܳ ௧ܹିଵ. ADF tests of parameter (ܽ ൌ ͳ), i.e. the calculation of ߬-statistics and its significance level ߙሺ߬ሻ 
were then performed on the autoregressive models: (i) no constant: ߂ଶݕ௧ ൌ ሺܽ െ ͳሻ ൈ οݕ௧ିଵ ൅ σ ܽఒ௅ఒୀଵ ൈ ߂ଶݕ௧ିఒ ൅
ݑ௧ , (ii) with constant: ߂ଶݕ௧ ൌ ܿ ൅ ሺܽ െ ͳሻ ൈ οݕ௧ିଵ ൅ σ ܽఒ௅ఒୀଵ ൈ ߂ଶݕ௧ିఒ ൅ ݑ௧ , (iii) and with constant and trend: 
߂ଶݕ௧ ൌ ܿ ൅ ܾ ൈ ݐ ൅ ሺܽ െ ͳሻ ൈ ߂ଶݕ௧ିଵ ൅ σ ܽఒ௅ఒୀଵ ൈ ߂ଶݕ௧ିఒ ൅ ݑ௧ . Selecting the most appropriate model of the 
autoregressive processes in differentiated time series of prices (οܴܲ ௧ܹ) and sales (οܴܳ ௧ܹ) were the same as in time 
series of ܴܲ ௧ܹ  and ܴܳ ௧ܹ, thus based on the basis of AIC and ܶ-tests for individual parameters. According to these 
criteria, the lag ܮ in examined autoregressive model was also adjusted. ADF tests of unit roots in both differentiated 
time series were conducted through autoregressive model without constant and with one-month lag: ߂ଶݕ௧ ൌ
ሺܽ െ ͳሻ ൈ οݕ௧ିଵ ൅ ܽଵ ൈ ߂ଶݕ௧ିଵ ൅ ݑ௧; ܮ ൌ ͳ. The differentiated time series of monthly sales and prices of bottled 
quality red wine showed stationarity around zero, therefore, it can be termed as integrated order zero: 
ሼοܴܲ ௧ܹሽ̱ܫሺͲሻ , ሼοܴܳ ௧ܹሽ̱ܫሺͲሻ . Other important details for this test of stationarity are contained in the next 
paragraphs or in Arlt (1999). 
ADF test of the integration order in the differentiated time series of monthly prices of bottled quality red wine 
(οܴܲ ௧ܹ) was based on the autoregressive model without constant and with one-month lag (ܮ ൌ ͳ): ߂ଶܴܲ ௧ܹ ൌ
ሺܽ െ ͳሻ ൈ οܴܲ ௧ܹିଵ ൅ ܽఒ ൈ ߂ଶܴܲ ௧ܹିଵ ൅ ݑ௧. The estimation of mean value of the parameter (ܽ െ ͳ) in this model 
attained the level െͳǤͺͷͺͳͷ, thus the estimation of ܽ ൌ െͲǤͺͷͺͳͷ േ ͲǤͳ͹ʹͳͲ͹. Test statistics ߬ for the parameter 
(ܽ െ ͳ) was ߬ ൌ െͳͲǤ͹ͻ͸ͷ  and its asymptotic level of statistical significance was ߙሺ߬ሻ ൌ ͳǤ͵Ͳ͸ ൈ ͳͲିଶଵ . The 
results of the ߬-test show that the existence of a unit root in ߂ܴܲ ௧ܹ is possible to reject with very high probability. 
In the autoregressive model with the constant and one-month lag, the autocorrelation coefficient of the first order 
was equal ߩ௨ሺͳሻ ൌ െͲǤͲͶͷ. 
Accordance with results of AIC and ܶ-tests, the autoregressive processes in the differentiated time series of 
monthly sales of quality red wine in bottles (οܴܲ ௧ܹ) can be captured by model without constant and with one-
month lag: ߂ଶܴܳ ௧ܹ ൌ ሺܽ െ ͳሻ ൈ οܴܳ ௧ܹିଵ ൅ ܽଵ ൈ ߂ଶܴܳ ௧ܹିଵ ൅ ݑ௧. Mean value of the parameter (ܽ െ ͳ) in given 
autoregressive model achieved the level െͳǤͻ͸Ͷͳ, thus the estimation of ܽ ൌ െͲǤͻ͸Ͷͳ േ ͲǤͳ͹͸ͷ͸ʹ. Statistics ߬ for 
the (ܽ െ ͳ) attained value ߬ ൌ െͳͳǤͳʹͶͳ and its asymptotic level of the statistical significance was ߙሺ߬ሻ ൌ ͳǤ͸ͻͻ ൈ
ͳͲିଶଶ. The results of ߬-test indicate that the presence of unit root in time series ߂ܴܳ ௧ܹ could be to reject with very 
high probability. The autocorrelation coefficient of the first order reaches this value െͲǤͲ͵Ͳ. 
From the performed ADF tests, it is clear that the monthly time series of prices and sales of bottled quality red 
wines are non-stationary. Stationarity of the investigated time series is attainable by their differencing. After the 
first-order differences, time series of the monthly prices and sales are integrated of order zero: ሼοܴܲ ௧ܹሽ̱ܫሺͲሻ, 
ሼοܴܳ ௧ܹሽ̱ܫሺͲሻ. Thus, the non-differenced/original time series have to be integrated of order one: ሼܴܲ ௧ܹሽ̱ܫሺͳሻ, 
ሼܴܳ ௧ܹሽ̱ܫሺͳሻ. 
Due to the low power of ADF-test against ܫሺͲሻ, see Kwiatkowski et al. (1992), the stationarity of ܴܲ ௧ܹ  and 
ܴܳ ௧ܹ was reversely checked through KPSS test, so-called confirmatory analysis of stationarity. Within KPSS test, 
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the constant and trend were included, the lag was set to four months. The value of KPSS statistics for time series of 
bottled quality red wine (ܴܲ ௧ܹ) was equal ͲǤͳͻͶ͵ͳ. The computed value of the KPSS statistics was greater than the 
critical value at the ͲǤͲͷ significance level (ͲǤͳͶͺ), so the default hypothesis could be rejected. The time series of 
ܴܲ ௧ܹ  is therefore more than ͻͷΨ of the non-stationary. KPSS test confirmed the previous results of ADF test. In 
accordance with the results of the KPSS test, we can consider the monthly sales of quality red wine (ܴܳ ௧ܹ) as a 
non-stationary time series with probability ͻͷΨ. KPSS-test statistics for this time series was equal ͲǤͳͷͲ͵͵͸, which 
is more than the ͷΨ critical value of statistical significance. KPSS tests confirmed non-stationarity for the monthly 
time series of price and sales of bottled quality red wine, thus rejection of unit roots, see results of ADF tests. 
The achievement of stationarity with differentiated time series of ܴܲ ௧ܹ  and ܴܳ ௧ܹ was verified through KPSS 
tests, too. Based on the results of KPSS tests, the both time series of οܴܲ ௧ܹ, οܴܳ ௧ܹ were stationary, see computed 
KPSS values: ܭܲܵܵሺοܴܲ ௧ܹሻ ൌ ͲǤͲ͵ʹ͸ʹͶͳ and ܭܲܵܵሺοܴܳ ௧ܹሻ ൌ ͲǤͲͶ͸ͳ͹͹ͳ . These computed KPSS statistics 
were substantially less than ͲǤͳʹͲ, which is the critical value at ͲǤͳͲ level of statistical significance. 
After examining the stationarity and the order of integration of monthly time series of price of bottled quality red 
wine and its sales; cointegration was tested. The cointegration of ܴܲ ௧ܹ  and ܴܳ ௧ܹ was analysed through Engle and 
Granger procedure – EG test, see Arlt (1999) or Hušek (1999). EG test was used to evaluate the long-term links 
between levels of price and sales of bottled quality red wine – long term supply relationship. Necessary prerequisite 
of EG test is that both time series are non-stationary and showed integration of order one, i.e. ሼܴܲ ௧ܹሽ̱ܫሺͳሻ ר
ሼܴܳ ௧ܹሽ̱ܫሺͳሻ. This prerequisite was fully confirmed by the ADF and KPSS tests. A cointegration regression which 
should capture the static shape of the wine processors’ supply, see law increasing supply – Nicholson (1992), was 
estimated for purpose of the EG testing procedure. Investigation of long-term static supply of the wine processors 
was based on the linear cointegration function: 
 
ܴܳ ௧ܹ ൌ ܥ ൅ ܤ ൈ ܴܲ ௧ܹ ൅ ݎ௧        (1) 
 
The residues for each time period ݎ௧  were determined on the basis of the cointegrating regression (1). 
Subsequently, ADF tests of unit root in ݎ௧ time series were conducted. Autoregression model without constant and 
trend: 
 
οݎ௧ ൌ ሺܽ െ ͳሻ ൈ ݎ௧ିଵ ൅ σ ܽఒ௅ఒୀଵ ൈ οݎ௧ିఒ ൅ ݑ௧      (2) 
 
was used for these ADF tests of unit root. Lag ܮ in autoregressive model (2) was set in response to results of AIC 
combination of ܶ-tests of the individual parameters. In this case, the stationarity of ݎ௧  was also cross-validated 
through KPSS test, so that the calculation of the KPSS-test statistics was based on linear deterministic trend and 
four-month lag. After proving cointegration between the monthly time series of prices and sales of bottled quality 
red wine, thus: ሼݎ௧ሽ̱ܫሺͲሻ, the Error Correction Model – ECM was estimated and statistically verified. 
The specification of ECM in terms of lag settings within the considered variables were based on the testing of 
various forms of ADL models with one exogenous variable – the price of bottled quality red wine. When selecting 
an appropriate ADL model we emphasized the value of: (i) adjusted determination coefficient: തܴଶ , (ii) 
autocorrelation coefficient of order one: ߩሺͳሻ , (iii) ܦܹ -statistics, (iv) and AIC. The results of ܶ -tests of the 
individual parameters were taken into account within the evaluation of the possible specifications of ADL models, 
too. ADL model with one-month lag for the independent and dependent variables: ܴܳ ௧ܹ ൌ െ͸ͺͳʹͺǤͺ ൅
ͳͲͺͺǤ͹Ͷ ൈ ܴܲ ௧ܹ ൅ ͶͲͺǤͷ͸ ൈ ܴܲ ௧ܹିଵ െ ͲǡͳͶ͹ͻ͵͵ ൈ ܴܳ ௧ܹିଵ  proved to be statistically suitable in this multi-
criteria evaluation. This model achieved തܴଶ ൌ ͲǤʹ͸ͷͻͺ͹, ܦܹ ൌ ͳǤͻ͵͹͵͹͵, ߩሺͳሻ ൌ ͲǤͲʹʹ͵Ͳͺ and ܣܫܥ ൌ ʹͶͲʹǤʹ. 
ܶ-test of the absolute parameter and wine-price parameter without lag (ܴܲ ௧ܹ ) reached ߙ-level less than ͲǤͲͲͳ. 
Based on ܶ-test, the parameter of wine prices with one-month lag (ܴܲ ௧ܹିଵ) was statistically acceptable at the ͳͲΨ 
level. ܶ-test for the parameter of dependent variable with one-month lag (ܴܳ ௧ܹିଵ) exceeded the minimum required 
level for the statistical significance, when ߙ-level reached value of 13.58%. 
In accordance with the identification of one-month lag of the independent and dependent variable in the ADL 
model, structure of ECM was formulated as follows: 
 
οܴܳ ௧ܹ ൌ ܿ ൅ Ⱦ ൈ οܴܲ ௧ܹ ൅ ɀ ൈ ሺܴܳ ௧ܹିଵ െ ሺ െ  ൈ ܴܲ ௧ܹିଵሻሻ ൅ ݑ௧   (3) 
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OLS estimates of parameters in this model were made through the equation: 
 
οܴܳ ௧ܹ ൌ ܿ ൅ Ⱦ ൈ οܴܲ ௧ܹ ൅ ɀ ൈ ݎ௧ିଵ ൅ ݑ௧,       (4) 
 
because the regressor to correct errors ܴܳ ௧ܹିଵ െ ሺܥ ൅ ܤ ൈ ܴܲ ௧ܹିଵሻ can be expressed after a sufficient number 
of observations by using the residues from the cointegration regression (1). All the time series used in model (4) are 
now stationary:ሼܴܲ ௧ܹሽ̱ܫሺͲሻ, ሼݎ௧ሽ̱ܫሺͲሻ, and thus we can apply the standard asymptotic tests for OLS estimates, 
see Sims et al. (1990). 
The values of parameters obtained in a two-step formation of ECM can be interpreted as follows. The parameter 
ܤ attained within default cointegration regression (1) is a multiplier of the long-term price-supply relations in the 
processing market for quality red wine in bottles. The parameter Ⱦ is a multiplier in the contrary short-term price-
supply relations in the given market with red wine. From an economic point of view, these two parameters represent 
the coefficients of the absolute price elasticity in the market of red-wine supply. The parameter ɀ in the ECM (3) or 
(4) captures the intensity of deviation correction of the short-term price-supply reactions from the long-term supply 
function which runs permanently along with the deviation correction. Subsequently, the deviations of short-term 
price-supply reactions from the long-term price-supply relationship are corrected in the following month.  
3. Results and Discussion 
Given that the time series of prices and sales of bottled quality red wine were non-stationary with the first order 
integration: ሼܴܲ ௧ܹሽ̱ܫሺͳሻ ר ሼܴܳ ௧ܹሽ̱ܫሺͳሻ , EG test of their cointegration could be executed. The received 
estimations of cointegration regression (1) and basic statistical characteristics are depicted in Table 1. 
Table 1. Cointegration regression (calculations of authors) 
ࡽࡾࢃ࢚ ൌ ۱ ൅ ۰ ൈ ࡼࡾࢃ࢚ ൅ ࢚࢘; ࢚ ൌ ૚ǡ ૛ǡǥ ǡ ૚૙ૡ 
parameter OLS estimation estimation error ܶ-statistics ߙሺܶሻ 
۱ −53982.4 10577.9 −5.1033 <0.001% 
۰ 1203.84 195.545 6.1563 <0.001% 
coefficient of determination 
ࡾ૛ ൌ ૙Ǥ ૛૟૜૜ૠૢ 
adjusted coefficient of determination 
തܴଶ ൌ ͲǤʹͷ͸Ͷ͵Ͳ 
ࡲ-statistics 
ࡲሺ૚Ǣ ૚૙૟ሻ ൌ ૜ૠǤ ૢ૙૙૝૚ 
signification level of ܨ-test 
ߙሺܨሻ ൌ ͳǤ͵ͷ ൈ ͳͲି଼ 
autocorrelation coefficient the first order 
࣋ሺ૚ሻ ൌ െ૙Ǥ ૚૜ૢ૞૟ૢ 
Durbin-Watson statistics 
ܦܹ ൌ ʹǤʹ͸ͷͶͺʹ 
 
Within statistical characteristics presented in Table 1, it is useful to draw attention to the presence of 
autocorrelation, which is indicated by the negative autocorrelation coefficient of the first order: ߩሺͳሻ ൌ െͲǤͳ͵ͻ͸ or 
positive misalignment of Durbin-Watson statistics: ܦܹ ൌ ʹǤʹ͸ͷͷ ൐ ʹ. For the evaluation of cointegration between 
the time series of prices and sales of bottled quality red wine, the residues were determined for each month in 
observed period 2004–2012: ݎ௧; ݎ௧ ൌ ܴܳ ௧ܹିଵ െ ሺܥ ൅ ܤ ൈ ܴܲ ௧ܹିଵሻ. The analysis of unit root in time series of ݎ௧ 
was carried out through ADF test. ADF test was based on autoregressive model without constant and trend, and with 
one-month lag:  
 
οݎ௧ ൌ ሺܽ െ ͳሻ ൈ ݎ௧ିଵ ൅ ܽଵ ൈ οݎ௧ିଵ ൅ ݑ௧       (5) 
 
The size of ܮ lag in this autoregressive model was set up according to the minimum value of AIC and taking into 
account the ܶ-tests on individual parameters. Based on OLS estimation of the mean values of parameters, we can 
written the autoregressive model (5) as follows: οݎ௧ ൌ െͲǤͺ͹Ͳͷͷ͹ ൈ ݎ௧ିଵ െ Ͳǡʹ͵Ͷͷ͹ͻ ൈ οݎ௧ିଵ ൅ ݑ௧Ǥ  Thus, the 
estimation of unit root ܽ was equal to ͲǤͳʹͻͶͶͶ േ ͲǤͳͶ͸ʹ͹ͳ. ߬-statistics for test of this parameter reached the value 
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െͷǤͻͷͳ͸͹. The asymptotic significance level was ߙሺ߬ሻ ൌ ͷǤͻͻ ൈ ͳͲିଽ. In this specification autoregressive model, 
the autocorrelation coefficient of the first order had size െͲǤͲͲʹ.  
Results ߬-test implied that the null hypothesis of the presence of a unit root in time series of ݎ௧ can be rejected at 
relatively high level of probability. Thus, we can consider the time series of residues for stationary or integrated 
order zero: ሼݎ௧ሽ̱ܫሺͲሻ. In other words, a linear combination of ܴܳ ௧ܹ and ܴܲ ௧ܹ  gives a composite time series that is 
integrated order zero. Time series of monthly sales of bottled quality red wine (ܴܳ ௧ܹ) and the monthly prices of 
wine kind (ܴܲ ௧ܹ ) are cointegrated: ሼܴܹܳሽ , ሼܴܲ ௧ܹሽ̱ܥܫሺͳǢ Ͳሻ . From an economic point of view, it can be 
concluded that the volume of monthly sales of the Czech manufacturers of bottled quality red wines are long-term 
positive relationship with the level of prices on the market. EG-cointegration test confirmed the long-term 
manifestations of the growing supply law. 
The stationarity of the time series of residues after cointegration regression (1) was, for greater reliability, also 
checked through the KPSS test. When calculating the KPSS statistics it was considered the linear trend and four-
month lag. In this setting, the value of the KPSS-test statistic achieved the level of ͲǤͲͺ͵ͻͺͷ͹, which is less than 
the 10% critical value for this test. Thus, we cannot reject the null hypothesis about stationarity of ݎ௧. This finding 
confirms the ADF test. 
After having proven cointegration between monthly time series of the price and sales of quality red wine in 
bottles, the Error Correction Model was applied. In accordance with the results of various ADL models that included 
the price of wine as the only exogenous variable, and based upon the AIC values and ܶ-test parameters, the ECM 
was chosen as an appropriate model explaining one-month lags of dependent and independent variables. And so the 
ECM could be depicted as follows (3): οܴܳ ௧ܹ ൌ β ൈ οܴܲ ௧ܹ ൅ γ ൈ ሺܴܳ ௧ܹିଵ െ ሺ െ  ൈ ܴܲ ௧ܹିଵሻሻ ൅ ݑ௧. 
In order to estimate its parameters the following equation (4) was applied. The error correction was expressed 
through the residue from cointegration regression: οܴܳ ௧ܹ ൌ Ⱦ ൈ οܴܲ ௧ܹ ൅ ɀ ൈ ݎ௧ିଵ ൅ ݑ௧ . Estimates of its 
parameters including basic statistical characteristics are shown in Table 2. 
Table 2. Error Correction Model (calculations of authors) 
οࡽࡾࢃ࢚ ൌ ઺ ൈ οࡼࡾࢃ࢚ ൅ ઻ ൈ ࢚࢘ି૚ ൅ ࢛࢚; ࢚ ൌ ૚ǡ ૛ǡ ǥ ǡ ૚૙ૠ 
parameter OLS estimation estimation error ܶ-statistics ߙሺܶሻ 
઺ 1030.62 172.701 5.9676 <0.001% 
઻ -1.15126 0.097315 −11.8303 <0.001% 
coefficient of determination 
ࡾ૛ ൌ ૙Ǥ ૟૞૙૜૝૙ 
adjusted coefficient of determination 
തܴଶ ൌ ͲǤ͸Ͷ͹ͲͲͻ 
ࡲ-statistics 
ࡲሺ૛Ǣ ૚૙૞ሻ ൌ ૢૠǤ ૟૝૞૟ૠ 
signification level of ܨ-testu 
ߙሺܨሻ ൌ ͳǤͳͲ ൈ ͳͲିଶସ 
autocorrelation coefficient the first order 
࣋ሺ૚ሻ ൌ ૙Ǥ ૙૛૟ૠ૞ૢ 
Durbin-Watson statistics 
ܦܹ ൌ ͳǤͻ͵Ͳ͸ͶͶ 
 
Based upon Table 2 it is obvious that the dynamic ECM (4): οܴܳ ௧ܹ ൌ ͳͲ͵ͲǤ͸ʹ ൈ οܴܲ ௧ܹ െ ͳǡͳͷͳʹ͸ ൈ ݎ௧ିଵ ൅
ݑ௧   shows more satisfactory levels of statistical characteristics than the simple linear regression. (1): ܴܳ ௧ܹ ൌ
െͷ͵ͻͺʹǤͶ ൅ ͳʹͲ͵ǤͺͶ ൈ ܴܲ ௧ܹ ൅ ݎ௧, see results ܴଶ, തܴଶ, ߩሺͳሻ, ܦܹ. The applied Error Correction Model οܴܳ ௧ܹ ൌ
ͳͲ͵ͲǤ͸ʹ ൈ οܴܲ ௧ܹ െ ͳǡͳͷͳʹ͸ ൈ ሺܴܳ ௧ܹିଵ െ ሺെͷ͵ͻͺʹǤͶ ൅ ͳʹͲ͵ǤͺͶ ൈ ܴܲ ௧ܹିଵሻ ൅ ݑ௧ 
can be considered as statistically valid. When it comes to determination of coefficient values shown earlier in this 
article (Tab. 2) there is another important conclusion that can be drawn from it – supply of Czech red quality wine in 
bottles is mostly (͸ͷΨ) based upon price of the product. The influence of price of quality red wine on its own 
supply is, however, affected by time periods, see the statistically significant delays of variables within ADL model, 
namely the dynamic construction of ECM. 
From the economic point of view, the ECM (4), namely (3), is also sustainable as it reflects the law of 
(increasing) demand in long-term and also immediate reaction of the Czech producers of bottled quality red wine. 
There is a positive long-term correlation between monthly sales of bottled quality red wine and price as shown by 
the value of parameter ܤ; ܤ ൌ ൅ͳʹͲ͵ǤͺͶ ൐ Ͳ. Parameter ܤ can also be interpreted as a coefficient of long-term 
price sensitivity of supply in absolute term. That means that it determines absolute changes in the volume of market 
supply of Czech bottled quality red wine, which tends to become trend in a long run when the price of 1 litre of red 
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wine goes up by 1 CZK. In summary it can be said, therefore, that if the price of 1 litre of bottled quality red wine 
was increased by 1 CZK then the producers would increase the market supply by 1203.84 hl. Short-term immediate 
quality red wine producer's reactions can be demonstrated by the positive value of Ⱦ parameter; Ⱦ ൌ ͳͲ͵ͲǤ͸ʹ ൐ Ͳ. 
The value of the coefficient can be considered as the coefficient of immediate price sensitivity of given market 
supply in absolute terms. In accordance with the value of Ⱦ parameter can be maintained that if price of quality red 
wine in bottles increased CZK Czech producers would immediately increase their supply in this product category by 
1030.62 hl. Based upon the demonstrated values of the absolute price sensitivity coefficients of supply can be 
concluded that immediate (short-term) supply reaction of quality red wine producers to the changes of price are not 
as intense as in the long-term period. That can be particularly explained by certain stagnation in productivity of 
some production firms in short periods of time. The producers are not able to react immediately to higher price by 
increasing the volume of production. Based upon the parameter γ it can be stated that short-term deviations of the 
mentioned price-supply relations from its long-term running will be adjusted with the intensity of 1.15126. 
4. Summary 
This article focused on evaluation of price influence on market supply of Czech producers of quality red wine in 
bottles. The analysis was applied for the years 2004–2012 through monthly data about price of bottled quality red 
wine and its sales volumes. Price-supply reactions were evaluated in short-term and long-term periods of time. The 
key analysis for the price effect on the market supply of quality red wine in bottles was two-step Method of 
Cointegration by Engle and Granger. 
The cointegration regression was determined in the first step as well as the value of the long-term coefficient of 
absolute sensitivity of given market supply. Its value was calculated as ͳʹͲ͵ǤͺͶ which suggested that if the price of 
1 litre of quality red wine in bottles had been increased by 1 CZK producers would have increased the sales volume 
by about 1203.84 hl. The cointegration regression was applied to construct Error Correction Model in the second 
step. Based upon the applied ECM, the immediate price-supply reactions of the Czech producers of quality red wine 
in bottles could be evaluated. These reactions were expressed by the short-term coefficient of absolute price 
sensitivity of supply. Its value was estimated to be 1030.62 which suggested that in case that price of 1 litre of 
quality red wine in bottles had increased by 1 CZK. The Czech producers would immediately have increased the 
sales volume in this product category by 1030.62 hl. 
References 
Arlt, J., 1999. Moderní metody modelování ekonomických časových řad. (Modern methods of modelling of economic time series). Grada 
Publishing, Praha, pp. 312. ISBN 80-7169-539-4. 
Bečvářová, V., 2008. Issues of competitiveness of today’s agriculture. Agricultural Economics – Czech, 54: 399–405. 
Cramer, G. L., Jensen, C. W., 1994. Agricultural Economics and Agribusiness. 6th ed. John Wiley & Sons, New York, ISBN 0-471-59552-7. 
Carlton, D. W., Perloff, J. M., 1994. Modern Industrial Organization. Second Edition. Harper Collins College Publishers, New York, pp. 973. 
ISBN 0-673-46902-6. 
Engle, R. F., Granger, C. W. J., 1987. Co-Integration and Error Correction: Representation, Estimation, and Testing. Econometrica 55, No. 2, p. 
251–276, ISSN 00129682. 
Engle, R. F., Granger, C. W. J., 1991. Long Run Economic Relationships: Readings in Cointegration. 1st edition. Oxford University Press, pp. 
312. ISBN 0-19-828339-3. 
Helmberger, P. G., Chavas, J. P., 1996. The Economics of Agricultural Prices. Prentice Hall, New Jersey, pp. 356. ISBN 0-13-372640-1. 
Hušek, R., 1999. Ekonometrická analýza. (Econometric analysis). Ekopress, Praha, pp. 303. ISBN 80-86119-19-X. 
Kwiatkowski, D., Phillips, P. C. B., Schmidt, P. and Shin, Y., 1992. Testing the null hypothesis of stationarity against the alternative of a unit 
root, Journal of Econometrics 54, 159-178. ISSN 0304-4076. 
Mundlak, Y., Larson, D. F., Butzer, R., 1997. The Determinants of Agricultural Production: A Cross-Country Analysis. Policy Research Working 
Paper, Series 1827, The World Bank. 
Nicholson, W., 1992. Microeconomic Theory, Basic Principles and Extensions. 5th ed. Dryden Press, Fort Worth, ISBN 0-03055043-2. 
Pindyck, R. S., Rubinfeld, D. L., 1998. Econometric Models and Economic Forecasting. 4th edition. Irwin/McGraw-Hill International Edition, 
634 p. ISBN 0-07-115836-7. 
Sims, CH. A., Stock, J. H., and. Watson, M. W., 1990. Inference in Linear Time Series Models with Some Unit Roots. Econometrica, Vol. 58, 
No. 1, 113-144. ISSN 00129682. 
